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Introduction
The CYP11B1 (Cytochrome P45011 beta hydroxylase 1) gene is a positional and functional candidate gene for milk production traits, present in BTA14q12 (KAUPE et al., *Corresponding author: U. T. Mundhe, Animal Genetics and Breeding, ICAR-National Dairy Research Institute, Southern Regional Station, Bengaluru, 560030, India, Phone: +91 70 3875 8111; E-mail: utmundhe12@gmail.com DOI: 10.24099/vet.arhiv.0340 S. Basak et al.: CYP11B1 and PPARGC1A genes polymorphism controlling reproductive traits and estimation of breeding value of FLMY in Bos indicus (Deoni) cattle animal biodiversity. Genomic knowledge increases the prospects for applying molecular technology and provides for better selection of sustainable healthy productive animals.
Materials and methods
Source of data. The data pertaining to the productive and reproductive performance of Deoni cattle were collected from history sheets and breeding cards maintained at the cattle yard and these records were used for estimation of production and reproduction performance (first lactation milk yield, age at first calving, and first service period), genetic parameters, the breeding value of first lactation milk yield, and the association of the genetic variants of the CYP11B1 and PPARGC1A genes with FLMY, AFC and FSP. To ensure normal distribution the outliers were removed and only data within the range of mean ± 2 SD were considered. For genetic studies, only sires with three or more daughters were considered.
Blood sample collection. Blood samples of about 5-10 mLof were collected from 146 Deoni cattle maintained at the National Dairy Research Institute, Southern Campus, Bengaluru. After collection, the samples were stored at 4 °C and DNA isolation was performed as soon as possible, the delay not exceeding 24 hours. DNA was isolated from the blood samples using a modified high salt method, as described by MILLER et al. (1988) .
Quality and quantity estimation of DNA. Quality of DNA was checked by loading 2-5 mL of DNA onto 0.8% agarose gel electrophoresis in a horizontal mini electrophoresis unit using 1x TBE as the running buffer. After electrophoresis, the gel was stained with ethidium bromide solution (0.5 mg/mL). The DNA was quantified using a UV spectrophotometer (Eppendorf Biophotometer, Germany). The samples showing Optical Density (O.D.) ratio (260/280 nm) of between 1.7 to 1.9 were stored at -20 °C, used for further analysis, and diluted to 100 ng/µL for utilization as a DNA template in polymerase chain reaction (PCR).
Primers and PCR Conditions. Published primers of the CYP11B1 (KAUPE et al., 2007) and PPARGC1A (KHATIB et al., 2007) genes were used for amplification of the genomic DNA of Deoni cattle. Pst I (CTGCAG) restriction enzyme was used for detection of p.Val30Ala polymorphism at exon 1 of the CYP11B1 gene and for the PPARGC1A gene Hae III (GGCC) and Nhe I (GCTAGC) restriction enzymes were used to find the polymorphisms of c.1892+19T>C and c.3359A>C loci, respectively. The sequence of forward and reverse primers, their product size and the enzyme used are presented in Table 1 . The primers were ordered and procured from Amnion Biosciences Pvt. Ltd., Bengaluru.
PCR conditions were standardized for each primer set. The PCR reactions were carried out on 100 ng of genomic DNA in 25 µL per reaction volume, containing 200 S. Basak et al.: CYP11B1 and PPARGC1A genes polymorphism controlling reproductive traits and estimation of breeding value of FLMY in Bos indicus (Deoni) cattle µM each of dNTP, 10X Taq polymerase assay buffer, 1 U of Taq polymerase enzyme, and 20 pM of each primer and nuclease free water. The standardization was carried out with minor modifications to ensure proper amplification for both the genes. The PCR products were electrophoresed at 100 V in 1.5% agarose gel in 1X TBE buffer, containing 0.5 µg/mL ethidium bromide, along with a 100 bp molecular size marker. The gels were visualized and documented using a gel documentation system (Gel Doc 1000, Bio-Rad, USA). PCR-RFLP analysis. For PCR-RFLP analysis, the PCR amplified product was digested with PstI, HaeIII and NheI restriction enzymes (New England Biolabs), with the respective regions of putative exon 1 of the CYP11B1 gene and putative intron 9 and 3'UTR of the PPARGC1A gene.
The reaction mixture of 20 µL contained 10 µL of the PCR sample, 0.5 µL of the restriction enzyme, 2 L 10 X buffer, and 7.5 µL of nuclease free water. The reaction mixture was prepared at 4 °C and incubated at 37 °C for digestion of the PCR product, followed by heat inactivation for the respective enzyme. The restriction fragments were resolved on 2.5% agarose gel. Different band patterns obtained were custom-sequenced by Xcelris Lab. Ltd., Ahmedabad.
Evaluation of breeding values in cows using a single record of individual animals for FLMY. Most Probable Producing Ability (MPPA) for estimation of individual animals for FLMY. The most probable producing ability (MPPA) of the cattle was computed using a single record of the first lactation milk yield. Deoni cows were evaluated on the basis of the deviation of the population mean of FLMY from its phenotypic value. This is not the true breeding value of the cattle. However, this method is useful to evaluate the cattle S. Basak et al.: CYP11B1 and PPARGC1A genes polymorphism controlling reproductive traits and estimation of breeding value of FLMY in Bos indicus (Deoni) cattle when very little information is available about the cow other than heritability of the traits.
Environmental factors led to variations in the predicted values from the population mean. The following method, described by LUSH (1943) , was used to compute MPPA: MPPA of the cow = μ + h 2 (Y i -μ) Where, μ = Population mean h 2 = Heritability of first lactation milk yield of Deoni cattle Y i = Phenotypic value of FLMY of ith cow LSA for predicting breeding value excluding and including genotype information. Generalized linear models were used to predict the breeding value of the first lactation milk yield of the Deoni cows through the LSA method using SAS software. The mixed linear model was chosen, incorporating and without incorporating conventional and molecular information on the loci of the CYP11B1 and PPARGC1A genes. The following models were used:
Y ijklmnogx = x th cow of i th sire born in j th period at k th lactation of its dam, calving at m th season of l th period under n th and o th group of AFC and FLL and g th genotypes. μ = Population mean S i = i th sire (i = 1, 2, 3….7) POB = j th period of birth (j = 1, 2 and 3) LND = k th lactation number of dam (k = 1, 2, 3….5) POC = l th period of calving (l = 1, 2, 3 and 4) SOC = m th season of calving (m = 1, 2 and 3) CAFC = n th class of age of first calving (n = 1, 2, 3…..7) CFLL = o th class of first lactation length (o = 1, 2, 3….6) G 1p = p th genotype of Val.p.30.Ala locus of CYP11B1 gene (p = VV and VA) G 2q = q th genotype of c.1892 + 19T>C locus of PPARGC1A gene (q = TT, TC and CC) G 3r = r th genotype of c.3359A> C locus of PPARGC1A gene (r = AA, AC and CC) e ijklmnox = random error of x th individual, NID (0, σ 2 e) e ijklmnogx = random error of x th individual, NID (0, σ 2 e)
Comparison between the LSA models. The effectiveness of the predictive mixed linear model was compared using coefficient of determination (R 2 ), Akaike information S. Basak et al.: CYP11B1 and PPARGC1A genes polymorphism controlling reproductive traits and estimation of breeding value of FLMY in Bos indicus (Deoni) cattle criterion (AIC), Pearson and Spearman's correlation. The parameters for determination of a better model were estimated using SAS Software Ver. 9.2 (2003). The higher R 2 value of the model is taken as a better model for prediction. The model with the lowest AIC value was considered as the optimum model. A higher correlation between the true phenotypic and the predicted value reflects a better model for prediction. Statistical analysis and association study of the studied loci with AFC, FSP and FLMY. Gene and genotype frequencies of the CYP11B1 and PPARGC1A genes were calculated according to FALCONER (1998) . Association studies of the respective polymorphic loci of the CYP11B1 and PPARGC1A genes were performed with age at first calving, first service period and first lactation milk yield. However, associations of the loci of the CYP11B1 and PPARGC1A genes were also seen with the MPPA and predicted breeding value of the cows. The GLM procedure of SAS 9.2 version was used for the study, with unadjusted and adjusted data on the respective traits. The model used under the association studies is given below:
Where, Y ij = Data (Unadjusted, adjusted and breeding value) of j th animal of i th genotypes of the loci of CYP11B1 and PPARGC1A genes µ = Overall population mean of respective traits of AFC, FSP and FLMY e ij = Random error NID (0, σ 2 e) The effects of the loci of the respective genes on AFC, FSP and FLMY were observed through the analysis of variance procedure of the General Linear Model (GLM). Duncan's multiple range test (DMRT) as modified by KRAMER (1956) , was applied for testing differences among the least squares means (using an inverse coefficient matrix) by SAS software.
Results and discussion
Polymorphism and gene and genotypic frequencies. Two genotypes, namely VV and VA, were observed for the digested product of the CYP11B1 gene putative exon 1 with PstI, restriction enzyme. Three band patterns revealed VV, and four band patterns VA genotypes, respectively (Fig. 1) . The frequencies of VV and VA genotypes were observed as 0.23 and 0.77, respectively, with the allelic frequencies of 0.62 and 0.38 for V and A types. The PPARGC1A gene revealed polymorphisms at intron 9 using the HaeIII restriction enzyme. Two band patterns were observed in CC, three in TC and a single band pattern in TT genotypes, respectively ( Three genotypes TT, TC and CC were observed with frequencies of 0.11, 0.51 and 0.38, respectively, at putative intron 9 of the PPARGC1A gene. The respective frequencies of T and C alleles were estimated as 0.37 and 0.63. Two band patterns were observed S. Basak et al.: CYP11B1 and PPARGC1A genes polymorphism controlling reproductive traits and estimation of breeding value of FLMY in Bos indicus (Deoni) cattle for AC genotypes, whereas a single band pattern was seen in AA and CC genotypes, respectively. Three types of genotypes, AA, AC and CC (Fig. 3) , were detected at 3'UTR of the PPARGC1A gene using NheI restriction enzymes, with genotypic frequencies of 0.75, 0.21 and 0.04, respectively. Allelic frequencies were observed as 0.86 and 0.14 for the A and C alleles. (Table 2) . Sequence variability of the sample. Sequence analysis revealed sixteen single nucleotide polymorphisms in putative exon 1 of CYP11B1 (14) and 3'UTR of the PPARGC1A (2) gene of Deoni cattle, respectively ( Figs. 4 and 5) . The sequences of the CYP11B1 and PPARGC1A genes were submitted online to the NCBI gene bank and received the Accession Numbers KF471016 and KF691739, respectively.
Level of heterozygosity, Chi square (χ²) test effective number of allele (n e ). The degree of heterozygosity, and the χ² test for the Hardy Weinberg equilibrium for the cattle population were performed using the population genetic analysis software POPGENE version 1.31 (YEH et al., 2006) . The observed heterozygosity value was 0.767, which was higher than the expected heterozygosity value (0.475). This clearly indicated that there was a prevalence of heterozygotes to a higher degree in the studied cattle population in exon 1 of the CYP11B1 gene. The POPGENE analysis revealed that the estimated χ² value (55.95) for the genotype at p.Val30Ala locus of the CYP11B1 gene was highly significant (<0.01). Hence, the population was not consistent with the HW equilibrium for the locus. In the case of the PPARGC1A gene, the X2 values for the genotypes of c.1892+19T>C and c.3359A>C loci were 1.55 and 2.27, with the probability values of 0.21 (P>0.05) and 0.13 (P>0.05), respectively. This indicated that the studied cattle population had not deviated from the HW equilibrium in respect to the two loci of the PPARGC1A gene (Table 3) Association study. The mean sum of squares due to genotype obtained from ANOVA for AFC, FSP and FLMY traits, with unadjusted, adjusted and computed breeding value data of the cattle, are presented in Table 4 . It was found that the c.1892+19T>C locus of the PPARGC1A gene was significantly (P<0.05) associated with the unadjusted data of age at first calving. However, the effect of this locus was found to be non-significant in relation to the first service period and first lactation milk yield, with both adjusted and unadjusted data. The effect of the p.Val30Ala locus of CYP11B1 and the c.3359A>C locus of the PPARGC1A genes was found to be non-significant with both unadjusted and adjusted data of AFC, FSP and FLMY. However, the P values obtained from ANOVA for the adjusted first lactation milk yield were low for the p.Val30Ala (0.0592) and c.3359A>C (0.0919) loci of the CYP11B1 and PPARGC1A genes, respectively. The effects of the three loci were found to be non-significant (P<0.05) in relation to the breeding values for the first lactation milk yield, estimated by least squares analysis and MPPA methods ( No previous reports are available on the association of the p.Val30Ala locus of the CYP11B1 gene with AFC and FSP. However, KAUPE et al. (2007) reported in German Holstein cattle that the V (CYP11B1V) allele was poorer than the A allele in respect to milk yield, with De-regressed breeding values (DRBV). The effect of half the allele substitution effect of the CYP11B1V allele was -182 ± 23 kg, which was highly significant (P<0.001). BOLECKOVA, et al. (2012) reported that the least squares means of AA genotypes (7599.88 ± 220.98 kg) were better than VV (Val/Val) genotypes (7533.90 ± 98.87 kg) in respect to the milk yield of Czech Fleckvieh cattle. It was also found that the effect of the genotypes was non-significant at P<0.05, which is similar to the present study. Regarding the association of EBVMY, the same study found that the Ala/Ala genotype was better than the Val/Ala and Val/Val genotypes.
No previous reports are available on the association of c.1892+19T>C genotypes with AFC. However, KOMISAREK and WALENDOWSKA (2012) reported the association of the genotypes with age at first insemination (AFI) and calving to conception (CCI) in Polish Holstein Friesian cattle. In the study, the least squares means for AFI traits were found to be in higher TT genotypes (805.36 + 64.10 days) than CC genotypes (801.69 + 71 days), but it was non-significant (P = 0.92). Also, the least squares mean for CCI , and this was found to be significant (P<0.05). Similar results were found with the LS means of AFC and FSP traits of the genotype in the present study on Deoni cattle, although the effect of the genotypes was non-significant (P = 0.43 with unadjusted data and P = 0.20 with unadjusted data) with FSP. It may be that environmental factors play a major role in the AFC of this indigenous breed of cattle. WEIKARD et al. (2005) and KHATIB et al. (2007) in German Holstein, KOWALEWSKA-LUCZAK et al. (2010) in Jersey and BOLECKOVA et al. (2012) in Czech Fleckvieh cattle reported higher milk yield with the TT genotype than the CC genotype which is similar to the present study in Deoni cattle.
No previous reports are available on the association of c.3359A>C genotypes with AFC, FSP in indigenous cattle. However, reports on the association of the genotypes are available with milk yield traits. WEIKARD et al. (2005) and KHATIB et al. (2007) reported higher milk yield in AA genotypes than CC genotypes in German Holstein. KOWALEWSKA-LUCZAK et al. (2010) reported heterozygote (CA) animals having higher milk yield in comparison to AA homozygotes, whereas, no homozygote for the CC genotype was found in 181 Jersey cows.
Computation of breeding value for first lactation milk yield. The breeding values for the FLMY of Deoni cows were computed on the basis of the records up to the first lactation using three different models (Tables 6 and 7) .
Estimation of MPPA of Deoni cows. The most probable producing ability of first lactation milk of Deoni cattle was estimated on the basis of a single record of milk yield in first lactation, and estimated heritability. In the present study, the MPPA of Deoni cattle for FLMY was estimated and ranged from 375.77 to 897.25 kg, with an accuracy of 62.01 per cent. The estimated MPPA is the genetic superiority or inferiority of the individual in comparison to the population mean of 109 cattle. Here, the non-additive gene effect and the environmental factors bring the MPPA nearer to the estimated population mean of 516.11 ± 40.30 kg rather than the phenotypic value of the individuals.
Estimation of breeding value through least squares analysis method. Least squares analysis (LSA) was performed to compute the breeding value of Deoni cattle for the first lactation milk yield, based on single record, including and excluding genotype information of the p.Val.30Ala locus in CYP11B1 and the c.1892+19T>C and c.3359A>C loci in the PPARGC1A gene. The predicted breeding values (PBV) of the cattle obtained by the LSA method without taking genotype information were in the range of 139.32 to 1520.15 kg, with a CV value of 79.59 per cent. When genotypic information was incorporated in the LSA model the range of PBV were estimated from 724.2 to 1156.31 kg with 79.73 per cent CV (Table 7) Comparison of the models. In the present study two models for prediction of first lactation milk was developed incorporating and without incorporating genotypes information of the CYP11B1 and PPARGC1A genes. Comparison between the two models was performed using Coefficient of determination (R2), Akaike information criterion (AIC), Pearson ( r 2 p ) and Spearman's rank ( r 2 s ) correlation. The lower AIC value (830.16) and higher R 2 value (95.11%) of the second model indicated that genotype information provides more information than the first model for prediction of first lactation milk yield in the cattle. Besides, the higher Pearson correlation (0.975) and Spearman's rank correlation (0.726) of the second model, with the phenotypic value, than the first model shows that the second model provides a better prediction than first one, which lacks genotype information ( 
Conclusions
In the present investigation frequencies of V, C and A alleles were higher than A, T and C alleles at the putative exon 1 of the CYP11B1 gene, and the putative intron 9 and 3'UTR of the PPARGC1A genes in the studied population. The Chi-square test revealed that the population was in H-W equilibrium with respect to genotypes of the PPARGC1A gene and the opposite was observed in the genotypes of the CYP11B1 gene. A significant (P<0.05) association of the genotypes at putative intron 9 was found with unadjusted data of AFC. A significant (P<0.10) association was found with the genotypes at the putative exon 1 of the CYP11B1 gene and 3'UTR of the PPARGC1A gene with adjusted FLMY. This study suggests that these SNPs could be used as molecular markers based on next generation validates for selection of superior animals in terms of better milk production and improvement ofreproductive traits. However further study could be carried out for identification of genetic markers and their association with economically important traits in a larger number of animals for marker assisted selection.
